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VWXGLHV K\GURPRUSKRORJLFDO PRGHOLQJ DQG LUULJDWLRQ SODQQLQJ .H\ UHTXLUHPHQW IRU WKH DERYH SURFHVVHV LV WKH
TXDQWLILFDWLRQRIUXQRIIVWUHDPGLVFKDUJHVRLOHURVLRQDQGVHGLPHQWWUDQVSRUW
4XDQWLI\LQJWKHDPRXQWRIVRLOHURVLRQDQGVHGLPHQWWUDQVSRUWDQGFDOFXODWLQJWKHVHGLPHQWGLVFKDUJHLQFHUWDLQ





*DXJLQJ VWDWLRQV WKDW PRQLWRU ULYHU GLVFKDUJH DUH YHU\ VSDUVH LQ *UHHFH 0RUHRYHU HVWLPDWLRQ RI VHGLPHQW
GLVFKDUJHE\FRQYHQWLRQDOPHDVXUHPHQWPHWKRGVLVH[SHQVLYHDQGODERULQWHQVLYH(PGDG>@)RU WKHVHDQGRWKHU
UHDVRQVWKHXVDJHRIPRGHOVWKDWFDQHIILFLHQWO\VLPXODWHWKHK\GURPRUSKRORJLFDOSURFHVVHVLVHVVHQWLDO
,Q WKLV VWXG\ D FRPSRVLWHPDWKHPDWLFDOPRGHO LV DSSOLHG WR1HVWRV 5LYHU EDVLQ DLPLQJ DW WKH FDOFXODWLRQ RI
VXUIDFH UXQRII DQG WRWDO GLVFKDUJH LQ IRXU FRQVHFXWLYH LQWHUVHFWLRQV RI 1HVWRV 5LYHU )XUWKHUPRUH WKH VHGLPHQW
































LVDWPDQG WKH OHQJWKRI WKHSDUWRI1HVWRV5LYHU WKDW UXQV WKHEDVLQ LVDSSUR[LPDWHO\NP7KHEDVLQ LV
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FRYHUHGDW LWVJUHDWHVWSDUWE\IRUHVWHGDUHDVZKLOHEXVK\DUHDVDQGFURSVIROORZ6RLO WH[WXUHGDWDZHUHREWDLQHG







5LYHU MXVW VOLJKWO\ XSVWUHDPRI WKH EDVLQ RXWOHW 7KH LUULJDWLRQ FDQDOV DUH RSHUDWHG E\ WKH ORFDO ODQG UHFODPDWLRQ
DJHQFLHVRI7KDODVVLD.UHPDVWLDQG&KU\VRXSROL7KHFDQDORI7KDODVVLD.UHPDVWLLUULJDWHVNPRIFURSVLQWKH
SODLQRI;DQWKLDQGOLHVDWWKHHDVWHUQVLGHRIWKHULYHU7KHLUULJDWLRQVHDVRQVWDUWVIURPHDUO\$SULODQGILQLVKHVDW
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2.2. Meteorological data 
0HWHRURORJLFDOGDWDZHUHWDNHQIURPIRXUPHWHRURORJLFDOVWDWLRQVWZRRIZKLFKDUHORFDWHGLQVLGHWKHZDWHUVKHG
DQGWKHRWKHUWZRRXWRILW7KHGDWDIURPWKHVWDWLRQV³0HVRFKRUL´DQG³3UDVLQDGD´)LJXUHZHUHSURYLGHGE\WKH





2.3. Field measurements 
'LVFKDUJH PHDVXUHPHQWV ZHUH FDUULHG RXW DW IRXU GLIIHUHQW LQWHUVHFWLRQV RI 1HVWRV 5LYHU 7KH GLVFKDUJH
PHDVXUHPHQWVZHUHLQZKROHPHDVXUHPHQWVZHUHFDUULHGRXWE\WKH/DERUDWRU\RI(FRORJLFDO(QJLQHHULQJ
DQG7HFKQRORJ\RI(QYLURQPHQWDO(QJLQHHULQJ'HSDUWPHQW'HPRFULWXV8QLYHUVLW\RI7KUDFHRIZKLFKFORVHWR
3DVFKDOLD YLOODJH  FORVH WR 6WDYURXSROL YLOODJH  QHDU *DODQL YLOODJH FORVH WR WKH RXWOHW RI WKH EDVLQ 7KH







2.4. Rainfall-runoff submodel 
7KH ZHOO NQRZQ DQG ZLGHO\ XVHG 6RLO &RQVHUYDWLRQ 6HUYLFH  &XUYH 1XPEHU 6&6&1 15&6 VLQFH 
PHWKRG>@LVXVHGIRUWKHHVWLPDWLRQRIWKHK\GURORJLFORVVHVPPGXHWRLQILOWUDWLRQLQWRWKHJURXQGDVZHOODVRI
WKHDPRXQWRIUDLQIDOOH[FHVVPP
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)RUWKHK\GURORJLFORVVHVGXHWRHYDSRWUDQVSLUDWLRQ)$23HQPDQ0RQWHLWKPHWKRGLVVHOHFWHG$OOHQ>@7KH
)$23HQPDQ0RQWHLWKPHWKRG LVXVHGDW DZRUOGZLGH VFDOH DV LW KDVSURYHQ WREHRQHRI WKHPRVW HIILFLHQW
PHWKRGV IRU SUHGLFWLQJ HYDSRWUDQVSLUDWLRQ (YDSRWUDQVSLUDWLRQ ZDV FDOFXODWHG RQ D PRQWKO\ EDVLV ZLWK YDOXHV
YDU\LQJIURPWRPP
7KH WUDQVIRUPDWLRQ RI UDLQIDOO H[FHVV WR UXQRII K\GURJUDSK LV DFFRPSOLVKHG E\ PHDQV RI WKH GLPHQVLRQOHVV
V\QWKHWLFXQLWK\GURJUDSKZKLFKZDVFUHDWHGE\WKH6RLO&RQVHUYDWLRQ6HUYLFH>@
7KHDSSOLHGFRPSRVLWH UDLQIDOOUXQRII VXEPRGHO LQFOXGHVDQH[SRQHQWLDO UHFHVVLRQPRGHO WR UHSUHVHQW WKH WLPH
YDULDWLRQRIEDVHIORZ%DUQHV>@
7KH URXWLQJRI WKH WRWDO GLVFKDUJH GLUHFW UXQRIIEDVHIORZK\GURJUDSK IURP WKHRXWOHW RI D VXEEDVLQ WR WKH
RXWOHW RI WKHZKROH EDVLQ LV HQDEOHG E\PHDQV RI0XVNLQJXP&XQJHPRGHOZKLFK LV EDVHG RQ WKHZHOO NQRZQ
K\GURORJLFURXWLQJ0XVNLQJXPPRGHO&XQJH>@
7KH K\GURORJLF PRGHO +(&+06  86$&( >@ FRQVWLWXWHV WKH SODWIRUP ZKLFK LQFRUSRUDWHV WKH DERYH
PHWKRGVUHVXOWLQJLQWKHGHYHORSPHQWRIUXQRIIEDVHIORZDQGWRWDOGLVFKDUJHK\GURJUDSKV$PXFKPRUHWKRURXJK
RXWOLQHRIWKHUDLQIDOOUXQRIIVXEPRGHOFDQEHIRXQGLQ.DIIDVDQG+ULVVDQWKRX>@
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7KHVRLOHURVLRQGXHWRUXQRIILVFDOFXODWHGE\PHDQVRI1LHOVHQ¶VUHODWLRQ1LHOVHQHWDO>@
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
7KHVHGLPHQW\LHOGWKDWUHDFKHVWKHVWUHDPLVFDOFXODWHGE\PHDQVRIFRPSDULVRQEHWZHHQWKHDYDLODEOHVHGLPHQW
DQGWKHVHGLPHQWWUDQVSRUWFDSDFLW\E\UXQRII+ULVVDQWKRX>@
2.6. Stream sediment transport submodel 
7KHVHGLPHQW\LHOGWKDWUHDFKHVWKHRXWOHWRIDVXEEDVLQDQGWKHUHIRUHWKHRXWOHWRIWKHZKROHEDVLQLVHVWLPDWHG
RQWKHEDVLVRIWKHFRPSDULVRQEHWZHHQWKHVHGLPHQWWUDQVSRUWFDSDFLW\E\VWUHDPIORZDQGWKHDYDLODEOHVHGLPHQWLQ
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$PRUH GHWDLOHG GHVFULSWLRQ RI WKH VRLO HURVLRQ DQG WKH VWUHDP VHGLPHQW WUDQVSRUW VXEPRGHOV FDQ EH IRXQG LQ
.DIIDVDQG+ULVVDQWKRX>@
2.7. Model application 
)RUWKHQHHGVRIPRGHOLQJWKHEDVLQZDVGLYLGHGLQWRQDWXUDOVXEEDVLQV)LJXUHVDQG7KHK\GURORJLF
PRGHO+(&+06 UDQ LQ LWV FRQWLQXRXV YHUVLRQ VHSDUDWHO\ IRU IRXU GLIIHUHQW FDVHV ,Q WKH ILUVW FDVH 3DVFKDOLD¶V
PHDVXUHPHQW VLWHZDVFRQVLGHUHG WREH WKHRXWOHWRI WKHEDVLQ H[FOXGLQJVXEEDVLQVDQG
IURPWKHVLPXODWLRQ7KHPRGHOUDQIURP2FWREHUVWWR0DUFKWK7KHPRGHOUDQIRU WKHH[DFWO\
VDPHSHULRGIRU6WDYURXSROLH[FOXGLQJVXEEDVLQVDQGIURPWKHVLPXODWLRQ7KHPRGHOVWUXFWXUHLV
WKH VDPH IRU *DODQL DQG WKH RXWOHW RI WKH EDVLQ LQFOXGLQJ DOO  VXEEDVLQV GXH WR WKH SUR[LPLW\ RI WKHVH WZR
PHDVXUHPHQWVLWHV)LJXUH7KHVLPXODWLRQSHULRGIRU*DODQLLV0DUFKQG-DQXDU\WK'HVSLWHWKDW
WKHFRXQWHUSDUWVLPXODWLRQIRUWKHRXWOHWRIWKHEDVLQZDVFRQWLQXRXVIRUWKHSHULRG6HSWHPEHUWK-XO\VW
 WKH K\GURJUDSK ZDV VSOLW LQWR WZR EDVHG RQ WKH DYDLODELOLW\ RI ILHOG PHDVXUHPHQWV 7KHUHE\ WKH ILUVW
K\GURJUDSK RI WKH EDVLQ RXWOHW FRQFHUQV WKH SHULRG 6HSWHPEHU WK 2FWREHU VW  ZKLOVW WKH VHFRQG
FRQFHUQVWKHSHULRG-XO\WK0D\WK7KHGLVFULPLQDWRUEHWZHHQWKHWZRVLPXODWLRQVLVWKDW*DODQLLV
ORFDWHGXSVWUHDPRIWKHLUULJDWLRQFDQDOVZKLOVWWKHRXWOHWRIWKHEDVLQLVORFDWHGVOLJKWO\GRZQVWUHDP7KXVIRUWKH



















,Q )LJXUH  WKH FRPSXWHG GLVFKDUJH K\GURJUDSK GLUHFW UXQRII  EDVHIORZ DQG WKHPHDVXUHG GLVFKDUJH YDOXHV DW
3DVFKDOLD DQG6WDYURXSROLPHDVXUHPHQW VLWHV DUHGHSLFWHG IRU WKHSHULRG2FWREHUVW WR0DUFKWK$V
DOUHDG\PHQWLRQHGWKHPHDVXUHGGLVFKDUJHYDOXHVDW3DVFKDOLDDQG6WDYURXSROLZHUHXVHGIRUWKHFDOLEUDWLRQRIWKHPRGHO
,Q )LJXUH  WKH FRPSXWHG GLVFKDUJH K\GURJUDSK DQG WKHPHDVXUHG GLVFKDUJH YDOXHV DW *DODQL PHDVXUHPHQW VLWH DUH
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7DEOH(IILFLHQF\FULWHULDYDOXHV
(IILFLHQF\FULWHULD *DODQLGLVFKDUJH 2XWOHWGLVFKDUJH 2XWOHWVHGLPHQWGLVFKDUJH
1DVK6XWFOLIIH(IILFLHQF\&RHIILFLHQW(   
,QGH[RI$JUHHPHQWG   
&RUUHODWLRQ&RHIILFLHQWU   
'HWHUPLQDWLRQ&RHIILFLHQWU   
5RRW0HDQ6TXDUH(UURU506(   
&RQFOXVLRQV


























>@ 6$ 1LHOVHQ % 6WRUP 0 6W\F]HQ 'HYHORSPHQW RI GLVWULEXWHG VRLO HURVLRQ FRPSRQHQW IRU WKH 6+( K\GURORJLFDO PRGHOOLQJ V\VWHP





>@ . .DIIDV 9 +ULVVDQWKRX (VWLPDWH RI &RQWLQXRXV 6HGLPHQW *UDSKV LQ D %DVLQ 8VLQJ D &RPSRVLWH 0DWKHPDWLFDO 0RGHO (QYLURQ
3URFHVVHV
>@9+ULVVDQWKRX(7KHRGRUDNRSRXORV&RPSXWDWLRQRIVHGLPHQWJUDSKIRUDIORRGHYHQW3URFHHGLQJVWK,QWHUQDWLRQDO&RQIHUHQFHRIWKH
(XURSHDQ:DWHU5HVRXUFHV$VVRFLDWLRQ(:5$6HSWHPEHU0HQWRQ)UDQFH

